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[0001] This application claims the benefit of the Korean Application Nos. P2003- 
0006913 filed on February 4, 2003 and P2003-0007546 filed on February 6, 2003 which are 
hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a power control method applied to mobile 
communication, and more particularly, to an uplink transmission power control method. 
Discussion of the Related Art 

[0003] Generally, uplink transmission power control in mobile communication system is 
essential to enhancement of system reception capacity and efficient terminal power use. An 
uplink transmission power control method according to a related art is explained as follows. 

[0004] First of all, a base station receives an uplink transmission signal transmitted from 
a terminal, and decides whether to have the terminal raise/lower its uplink transmission power 
according to the transmitted signal. The base station then transmits a transmission power contiol 
command to the terminal according to the decision. 

[0005] The terminal (UE; user equipment) receives the transmission power control 
commands transmitted from the base station (node-B), and determines the uplink transmission 
power according to the power control commands. The terminal then performs uplink 
transmission according to a result of the determination to accomplish the uplink transmission 
power control. 

[0006] The uplink transmission power control method is explained in detail as follows. 
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[0007] Referring to FIG. 1, a terminal receives transmission power control commands 
transmitted from one base station. In case that the entire power control commands received for a 
predetermined continuous time slot indicate 'transmission power increase', the terminal decides 
to raise uplink transmission power. 

[0008] Otherwise, if the entire transmission power control commands received for the 
predetermined continuous time slot indicate 'transmission power decrease', the terminal decides 
to lower the uplink transmission power. 

[0009] Meanwhile, in case that the transmission power control commands received for 
several time slots indicate 'transmission power increase' and that another power control 
commands received for another several times slots indicate 'transmission power decrease', the 
terminal determines to maintain the transmission power. And, the terminal lowers, raises, or 
maintains the uplink transmission power according to a result of the determination. In uplink 
transmission power, a method of controlling transmission power by determining one of three 
states including increase/decrease/maintain is called a 3-states power control method. 

SUMMARY OF THE INVENTION 

[0010] Accordingly, the present invention is directed to an uplink transmission power 
control method that substantially obviates one or more problems due to limitations and 
disadvantages of the related art. 

[0011] An object of the present invention is to provide an uplink transmission power 
control method, by which a transmission power of an uplink signal is efficiently controlled while 
a terminal communicates with a plurality of base stations. 

[0012] Additional advantages, objects, and features of the invention will be set forth in 

part in the description which follows and in part will become apparent to those having ordinary 
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skill in the art upon examination of the following or may be learned from practice of the 
invention. The objectives and other advantages of the invention may be realized and attained by 
the structure particularly pointed out in the written description and claims hereof as well as the 
appended drawings. 

[0013] To achieve these objects and other advantages and in accordance with the 
purpose of the invention, as embodied and broadly described herein, an uplink transmission 
power control method according to the present invention includes the steps of computing 
command values for a plurality of base stations in a terminal in soft handover with a plurality of 
the base stations transmitting power control commands to the terminal and lowering uplink 
transmission power if the command values computed for a plurality of the base stations includes 
at least one power-down command. 

[0014] In another aspect of the present invention, an uplink transmission power control 
method includes the steps of receiving a power control command transmitted from at least one 
base station, computing at least one command value according to the received power control 
command, and lowering uplink transmission power if the command value includes a 
transmission power-down command value. 

[0015] In case that the terminal enables to maintain a quality of communication while 
communicating with a plurality of the base stations, the present invention lowers the uplink 
transmission power of the terminal to use the power of the terminal efficiently and to operate the 
base stations stably. 

[0016] It is to be understood that both the foregoing general description and the 
following detailed description of the present invention are exemplary and explanatory and are 
intended to provide further explanation of the invention as claimed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The accompanying drawings, which are included to provide a further 
understanding of the invention and are incorporated in and constitute a part of this application, 
illustrate embodiment(s) of the invention and together with the description serve to explain the 
principle of the invention. In the drawings: 

[0018] FIG. 1 is a diagram of a method of controlling uplink transmission power 
according to a control command received from one base station; 

[0019] FIG. 2 is a flowchart of a method of controlling uplink transmission power in soft 
handover in accordance with control commands received from a plurality of base stations 
according to one embodiment of the present invention; 

[0020] FIG. 3 is a flowchart of a method of controlling uplink transmission power in soft 
handover in accordance with control commands received from a plurality of base stations 
according to another embodiment of the present invention; 

[0021] FIG. 4 is a flowchart of a method of controlling uplink transmission power in soft 
handover in accordance with control commands received from a plurality of base stations 
according to a further embodiment of the present invention; and 

[0022] FIG. 5 is a block diagram of a terminal for controlling transmission power of an 
uplink signal according to a preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[0023] Reference will now be made in detail to the preferred embodiments of the present 
invention, examples of which are illustrated in the accompanying drawings. Wherever possible, 
the same reference numbers will be used throughout the drawings to refer to the same or like 
parts. 
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[0024] In soft handover, a plurality of base stations participate in power control of one 
terminal. Hence, the terminal (UE; user equipment) receives power control commands from at 
least one or more base stations and should determine uplink transmission power according to the 
received commands. 

[0025] FIG. 2 is a flowchart of a method of controlling uplink transmission power in soft 
handover in accordance with control commands received from a plurality of base stations 
according to one embodiment of the present invention. 

[0026] Referring to FIG. 2, uplink transmission power of a terminal in soft handover is 
controlled in a following manner. 

[0027] First of all, a method of determining whether to raise, lower, or maintain 
transmission power is the same of a case that the handover is not performed. 

[0028] Yet, as at least one base station is involved in communicating with a terminal, 
each base station transmits an independent transmission power control command. Hence, the 
transmission power control command transmitted from one base station may be different from 
power control commands transmitted from other base stations. Namely, a base station A keeps 
transmitting the transmission power increase commands for a predetermined time slot, whereas a 
base station B keeps transmitting the transmission power decrease commands for the time slot. 

[0029] In such a case, the terminal receives the transmission power control command 

transmitted from an i th base station (S21) to compute a constant command value TPC te mpi (S22). 

For instance, a transmission power decrease command is computed as C -T (TPC t empi = -l ), a 

transmission power maintain command is computed as '0' (TPC te mpi = 0), and a transmission 

power increase command is computed as T (TPQempr^). And, an average value of the 

commands is computed (S23) to be compared to a predetermined reference value (S24). As a 

result of the comparison, it is determined whether to raise, lower, or maintain the transmission 
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power (S25). For example, if the average value is smaller than a lower reference, it is determined 
to lower the transmission power. If the average value is greater than an upper reference, it is 
determined to raise the transmission power. In other cases, it is determined to maintain the 
transmission power. As a result of the determination, the power in transmitting next uplink 
signals is then raised, lowered, or maintained (S26). 

[0030] Yet, in the above-explained cases, there exist the following problem. It is 
assumed that one terminal is in handover between two base stations. First of all, when a base 
station A keeps transmitting transmission power increase commands for a predetermined time 
slot, the terminal judges a determination value of the transmission power control command of the 
base station A as '1*. Meanwhile, when the other base station B keeps transmitting transmission 
power decrease commands for the predetermined time slot, the terminal judges the determination 
value of the transmission power control command of the base station B as Simultaneously 
communicating with both of the base stations A and B in soft handover, the terminal is allowed 
to maintain a quality of uplink communication for one of two base stations. 

[0031] However, if an average of the determination value is simply compared to the 
lower or upper value of the reference to determine whether to raise/lower/maintain the 
transmission power, the transmission power is maintained or raised instead of being lowered. So, 
it is unable to perform reverse power control efficiently. 

[0032] FIG. 3 is a flowchart of a method of controlling an uplink power in soft handover 
in accordance with control commands received from a plurality of base stations according to 
another embodiment of the present invention. 

[0033] Referring to FIG. 3, each base station receives an uplink signal transmitted from 

a terminal connected to the corresponding base station, and transmits a power control command 

determined according to a quality of the received uplink signal to the terminal (S31). In doing so, 
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the quality of the signal, which was transmitted from the terminal and received by the respective 
base stations, may differ from each other since channel environments between the terminal and 
the respective base stations may differ from each other. Hence, the power control commands 
transmitted from the respective base stations to the terminal may differ from each other. 

[0034] Namely, each of the base stations independently transmits the transmission power 
control command, which is determined according to the separately received uplink signal quality 
information, to the terminal. In doing so, each of the base stations transmits the power control 
command to the terminal each time slot. A command value computing unit included in the 
terminal then computes a command value TPC tem pi using the power control commands 
transmitted from the respective base stations for predetermined time slots (S3 2). 

[0035] In this case, the command value TPC te mpi can be calculated by regarding five time 
slots as one unit. Namely, in case that the entire power control commands received for the five 
time slots indicate 'transmission power increase 5 , the command value can be computed as M 
(TPC t empi=l)'. Moreover, in case that the entire power control commands received for the five 
time slots indicate 'transmission power decrease', the command value can be computed as '-1 
(TPCtempi—1)'. Otherwise, the command value can be computed as '0 (TPCtempi=0)\ 

[0036] In computing the command value by unit of five time slots, each five time slots 
can be grouped by taking a first time slot of each radio frame as a reference. Namely, as one 
radio frame consists of fifteen time slots, the power control command values can be computed by 
dividing the radio frame by five time slots unit from the first time slot. 

[0037] Once the power control command values are computed, it is checked whether 
there exists 'transmission power decrease (TPC te mpi = -l)' exists among the command values 
(S33). If any one of N command values for a plurality of the base stations indicates the 
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'transmission power decrease (TPC te mpi = -l)\ it is determined to lower the transmission power of 
the uplink signal (S34). 

[0038] If the power control command values for a plurality of the base stations indicate 
'transmission power increase (TPCtempi^l)' or 'transmission power maintain (TPC le rnpi=0)\ an 
average of the command values is found by Equation 1 or 2. The average of the command values 
is then compared to a predetermined reference value a to determine whether to raise or maintain 
the uplink transmission power. 

[0039] Namely, in case that none of the base stations has ever transmitted the decrease 
command (TPC te m P i = -l), the average of the power command values is found (S35). And, the 
found average is compared to the predetermined reference value to determine uplink 
transmission power (S36). In accordance with the determined transmission power, the uplink 
signal is transmitted (S37). Such a process is explained in detail as follows. 

[0040] First of all, the terminal finds an average of power adjustment values of a 

plurality of the base stations using Equation 1 or 2 (S33), and compares the average to the 

reference value (S34). 

[0041] [Equation 1] 
1 s 

—YTPC temBi >a 

at Z— < tempi 
iy i=0 

[0042] [Equation 2] 
1 N 

—YTPC lemBi >a 

M i=0 

[0043] In Equation 1 or 2, 'N' indicates the number of the base stations, 'i' is an integer 
increasing 1 to N, TPC te m P i represents the command value corresponding to an i lh base station, 
and 'a' is a predetermined constant as a reference value for power control. 
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[0044] In the embodiment of the present invention, a power control command 
transmitted from an arbitrary base station can be expressed by three kinds of command values 
such as '0' for transmission power maintain, T for transmission power increase, and '-1' for 
transmission power decrease. Hence, the average of the command values can be computed as '0', 
' 1 \ or a decimal fraction smaller than 1 . 

[0045] Yet, if none of N power adjustment values for a plurality of the base stations is 
'transmission power decrease (TPC te mpi = -l)' and the average value of the power command 
values is greater than the predetermined reference value like Equation 1, it is determined to raise 
the uplink transmission power of the terminal. If none of N power adjustment values for a 
plurality of the base stations is 'transmission power decrease (TPC te mpi = -l)' and the average 
value of the power command values is equal to or smaller than the predetermined reference value, 
it can be determined to maintain the transmission power of the uplink signal transmitted from the 
terminal. 

[0046] Meanwhile, if none of N power adjustment values for a plurality of the base 
stations is 'transmission power decrease (TPC te mpi = -l)' and the average value of the power 
command values is equal to or greater than the predetermined reference value like Equation 2, it 
can be determined to raise the uplink transmission power of the terminal. If none of N power 
adjustment values for a plurality of the base stations is 'transmission power decrease (TPQempi— 
1)' and the average value of the power command values is smaller than the predetermined 
reference value, it can be determined to maintain the transmission power of the uplink signal 
transmitted from the terminal. 

[0047] As mentioned in the foregoing description, in case that the terminal is 

communicating with a plurality of the base stations in soft handover, successful communication 

is possible if an uplink communication quality is met for one of the base stations. Hence, if the 
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command value of 'transmission power decrease (TPC t empi=-l)' exists among the power control 
commands transmitted from the base stations, it can be determined to lower the uplink 
transmission power regardless of the command values for other base stations. Moreover, if one 
of the command values among a plurality of the base stations indicates 'transmission power 
decrease (TPQempi— 1)\ it is determined to lower the uplink transmission power without 
computing the average of the command values. 

[0048] The reference value a can be appropriately selected according to how to set up an 
increase frequency of the terminal transmission power. For instance, it frequently happens that 
the transmission power needs to be raised, as the reference value gets smaller. Yet, as the 
reference value gets smaller, the case that the transmission power needs to be raised is reduced. 
Thus, by adjusting the increase frequency that raises the uplink transmission power of the 
terminal, the average power received by the base station(s) can be controlled. 

[0049] In the present invention, the reference value is set to 0, 0.5, 1, etc. to operate the 
terminal using the 3-states power control method. Namely, if the entire command values indicate 
'increase', the transmission power is raised. Yet, if the 'increase' command and the 'maintain' 
command simultaneously exist, the uplink power is controlled by changing the reference value in 
a manner that an operator of a terminal or a communication system providing a communication 
service to the terminal performs the power control with a certain degree of reliability of the 
power command value of the 'maintain'. 

[0050] For instance, if the reference value is set to '0', the operator of the terminal or 

communication system intends to perform the power control with the low reliability of the 

'maintain' power command value. Namely, if the 'increase' command from at least one base 

station exists among the power control commands transmitted from a plurality of the base 

stations, it is controlled to raise the uplink transmission power. 
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[0051] For another instance, if the reference value is set to '1\ the operator of the 
terminal or communication system intends to perform the power control with the relatively high 
reliability of the 'maintain' power command value. Namely, if the commands transmitted from a 
plurality of the base stations are 'increase' only, it is controlled to raise the uplink transmission 
power. 

[0052] Results of uplink transmission power by applying Equation 1 when the reference 
value is '0.5' are shown in Table 1. 
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[0054] Referring to Table 1, if one of the command values (TPQempi) for two base 
stations is 'decrease (down, -1)', it is determined to lower the uplink transmission power. 
Otherwise, the average value is calculated by Equation 1, for example, to be compared to the 
reference value '0.5'. The 'transmission power increase (up)' is determined only if the average 
value is greater than the reference value '0.5'. And, the 'transmission power maintain' is 
determined if the average value is equal to or smaller than the reference value '0.5'. 

[0055] Results of uplink transmission power by applying Equation 2 when the reference 
value is ' 1' are shown in Table 2. 



[0056] [Table 2] 
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[0057] Referring to Table 2, if one of the command values (TPC temp j) for two base 
stations is 'decrease (down, -1)', it is determined to lower the uplink transmission power. 
Otherwise, the average value is calculated by Equation 1, for example, to be compared to the 
reference value c l\ The 'transmission power increase (up)' is determined only if the average 
value is equal to or greater than the reference value '1\ And, the 'transmission power maintain' 
is determined if the average value is smaller than the reference value ' 1 \ 

[0058] As can be seen by Table 1 and Table, if the uplink communication quality 
transmitted to at least one or more base stations is guaranteed despite the transmission power 
decrease of the terminal in soft handover, the uplink transmission power is lowered. Hence, the 
transmission power can be lowered as well as the communication quality of a desirable level is 
maintained, whereby efficient transmission power control can be achieved. Meanwhile, in case 
of controlling transmission power using the reference value, averaged reception power of the 
corresponding base station can be controlled by setting up the reference value appropriately to 
adjust the increase frequency of the transmission power. 

[0059] FIG. 4 is a flowchart of a method of controlling an uplink power in soft handover 
in accordance with control commands received from a plurality of base stations according to a 
further embodiment of the present invention. 

[0060] Referring to FIG. 4, each base station receives an uplink signal transmitted from 
a terminal connected to the corresponding base station, and transmits a power control command 
determined according to a quality of the received uplink signal to the terminal (S41). 
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[0061] As mentioned in the foregoing description, each of the base stations 
independently transmits the transmission power control command, which is determined 
according to the separately received uplink signal quality information, to the terminal. In doing 
so, each of the base stations transmits the power control command to the terminal each time slot. 
A command value computing unit included in the terminal then computes a command value 
TPC_tempi using the power control commands transmitted from the respective base stations for 
predetermined time slots (S42). 

[0062] In this case, the command value TPC_tempi can be calculated by regarding five 
time slots as one unit. In case that the entire power control commands received for the five time 
slots indicate 'transmission power increase', the command value can be computed as M 
(TPC_tempj=l)\ Moreover, in case that the entire power control commands received for the five 
time slots indicate 'transmission power decrease', the command value can be computed as '-1 
(TPC_tempi—l)'. Otherwise, the command value can be computed as '0 (TPC_tempi=0)\ 

[0063] Moreover, in computing the command value by unit of five time slots, each five 
time slots can be grouped by taking a first time slot of each radio frame as a reference. 

[0064] Once the power control command values are computed, it is checked whether 

there exists 'transmission power decrease (TPCtempj— 1)' exists among the command values 

(S43). If any one of N command values for a plurality of the base stations indicates the 

'transmission power decrease (TPC_tempj=-l)', it is determined to lower the transmission power 

of the uplink signal (S44). Meanwhile, if the entire power control command values for a plurality 

of the base stations indicate 'transmission power increase (TPC_tempj=l)' only, it is determined 

to raise the transmission power of the uplink signal (S46). Otherwise, it is determined to 

maintain the transmission power of the uplink signal (S47). In accordance with a result of the 

determination, the uplink signal is then transmitted (S48). 
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[0065] Referring to Fig. 4, the uplink transmission power can be determined using the 
command received from each base station without setting up the reference value. Namely, if at 
least one of the command values (TPCMemp*) determined according to the power control 
commands transmitted from a plurality of the base stations is the 'transmission power decrease (- 
1)', it is determined to lower the transmission power. Meanwhile, if the entire command values 
determined according to the power control commands transmitted from the respective base 
stations are 'transmission power increase (1)', it is determined to raise the transmission power. 
Otherwise, it is determined to maintain the transmission power as it is. Table 3 shows a method 
of determining uplink transmission power according to the above-explained method. 
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[0067] Referring to Table 3, if the command value from at least one base station is 
'decrease (down, -1)', it is determined to lower the transmission power. Yet, the transmission 
power is raised only if the entire command values from the base stations are 'increase (up, 1)'. 
Otherwise, the transmission power is maintained. 

[0068] FIG. 5 is a block diagram of a terminal for controlling a transmission power of an 
uplink signal according to a preferred embodiment of the present invention. 

[0069] Referring to FIG. 5, a terminal 50 according to the present invention includes a 
receiving unit 51, a command value computing unit 52, a transmission power determining unit 
53, and a transmitting unit 54. 
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[0070] The receiving unit 51 receives power control commands from at least one or 
more base stations. 

[0071] The command value computing unit 52 computes command values (TPC tempj) 
according to the power control commands received from the respective base stations. Namely, 
the command values (TPC_tempi) are computed according to the power control commands 
received from the respective base stations for a time slot having a predetermined length. 

[0072] The transmission power determining unit 53 finds an average of adjustment 
values, and compares the average to reference values to determine whether to raise, lower, or 
maintain uplink transmission power. 

[0073] And, the transmitting unit 54 raises, lowers, or maintains the uplink transmission 
power according to a determination result of the transmission power determining unit 53. 

[0074] Accordingly, when the terminal enables to maintain a quality of communication 
while communicating with a plurality of the base stations, the present invention lowers the 
uplink transmission power of the terminal to use the power of the terminal efficiently and to 
operate the base stations stably. 

[0075] It will be apparent to those skilled in the art that various modifications and 
variations can be made in the present invention. Thus, it is intended that the present invention 
covers the modifications and variations of this invention provided they come within the scope of 
the appended claims and their equivalents. 
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